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Experimental gold nephropathy in guinea pigs: Detection of autoanti-
bodies to renal tubular antigens. Renal tubular dysfunction was induced
in Hartley guinea pigs by injection of sodium aurothiomalate (gold) as
manifested by excretion of tubular basement membrane (TBM) antigen
and renal tubular epithelial (RTE) antigen in urine and tubular protein-
uria. Following the tubular dysfunction, autoimmune tubulointerstitial
nephritis (TIN) and/or immune complex nephropathy (ICN) developed
in a large proportion of animals. TIN was associated with anti-TBM
antibodies, and the histological features were characterized by tubular
lesions with interstitial mononuclear cell infiltration, destruction of
tubules, and interstitial fibrosis. In ICN, the glomerular lesions con-
sisted of partial thickening of capillary walls and mesangial cellularity,
and granular immune deposits were seen in the mesangial area and on
capillary walls. Furthermore, electron-dense deposits were demon-
strated in the mesangial area and in the glomerular basement membrane
(GBM) by electron microscopy. Anti-RTE antibodies were detected in
the sera and eluates from the kidney of animals with ICN. RTE antigens
were also detected in the glomerular deposits by indirect im-
munofluorescence using anti-guinea pig RTE antibody. These results
suggest that TBM and RTE antigens released from renal tubules
damaged by a direct toxic action of gold may lead to antibody formation
against these antigens and induce TIN and/or ICN.
Renal injuries that follow administration of gold salt in the
treatment of rheumatoid arthritis are well recognized [1—10].
Changes are seen distributed both in the glomerular and tubular
regions studied by light and electron microscopy [9]. More
attention has been given to glomerular changes with nephrotic
syndrome as a serious side effect. The histological findings in
gold-induced glomerular disease are similar to those seen in
idiopathic membranous nephropathy [3, 5], and typical immune
complexes are identified in the glomeruli in the form of electron
dense deposits [6, 7]. However, the current knowledge on the
tubulointerstitial damage is very limited, and the immunological
mechanism responsible for the tubular injury in this complica-
tion of gold therapy has not been clarified. In experimental
animals, it has been noted that the main site of gold deposition
in the kidney is the epithelial cells of the proximal convoluted
tubules. In a later stage, small amounts of gold are also
deposited in the distal tubules, interstitial tissue, and glomeruli
[11], and the tubular damages are thought to be the outcome of
a direct toxic action of gold accumulation in the tubules. In this
paper, we sought to identify the antigen involved in the devel-
opment of immune complexes that cause the glomerular lesion
and the immune mechanism responsible for the tubular lesion.
Methods
Animals and injection procedures
Fifty-two normal male Hartley guinea pigs weighing 280 to
320 g were used. They were divided into four groups, each
group including 10 to 15 animals. The animal was injected
subcutaneously with 2 mg (6.7 mg/kg) in group 1, and 0.5 mg
(1.7 mg/kg) in group 2, of sodium aurothiomalate (Shionogi Co.
Ltd., Osaka, Japan) once a week for 10 weeks. In group 3, each
animal was injected 0.05 mg (0.17 mg/kg) of gold salt once a
week for 14 weeks. Fifteen animals in group 4 without any
treatment served as the control.
Urinary protein analysis
Twenty-four-hour urine samples were obtained from all ani-
mals at the start of experiment and subsequently at 2-week
intervals. A small portion of urine sample was examined for
protein content with the Folin-Lowry technique [12]. The
remaining samples were dialyzed against distilled water, con-
centrated by lyophilization, and stored at —20°C until use. They
were subjected to sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) [13], and also examined for the
concentration of TBM and RTE antigens. SDS-PAGE was
carried out in 100 x 5 mm gel cylinders using 7.5% gel (w/v).
Samples to be studied were diluted in phosphate-buffered saline
so that the total amount of protein to each gel, in a volume of
100 d, would comprise between 100 and 200 pjg. When studied
by SDS-PAGE, the electrophoretic patterns of urine proteins
can be divided into glomerular, tubular, and mixed patterns
according to the molecular sizes of urine proteins; it is well
known that glomerular damage results in urinary elimination of
large amounts of albumin, as well as transferrin and other
proteins of relatively large molecular size, while tubular dys-
functions are associated with elimination of small amounts of
albumin and mainly of proteins of low molecular size [14].
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Preparation of guinea pig TBM antigen
TBM antigen was prepared from guinea pigs as described
previously [15]. Interstitial fibers were obtained from kidney
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cortices using a 100 mesh stainless screen, and the material
remaining on the mesh was then centrifuged in a Ficoll discon-
tinuous gradient (10 to 50%). The fiber-rich layer on the 20%
Ficoll was sonicated to exclude the fragments of renal tubular
epithelium adherent to fibers, and then trypsinized. The TBM
antigen in the digested materials was electrophoretically sepa-
rated on 0.85% agar in barbital-sodium buffer, pH 8.6, ionic
strength 0.1, under an electric potential of 12 V cm' for 36 hr
at 4°C. The gel was cut into segments 2 mm wide, and the
protein content of each segment was estimated by the Lowry
method [121. Each fraction was examined using the specific
antibody against soluble TBM antigen prepared previously [151!.
The fractions which reacted with the antiserum were further
fractionated by DEAE cellulose (DE 52 Whatman; W & R
Boston Ltd., Springfield Mill, England) column chromatogra-
phy. Elution was done by a continuous salt gradient from 0 to I
M sodium chloride, and the fractions reacting with the specific
antiserum were concentrated and stored at —20°C until use.
Preparation of RTE antigen
Renal tubular epithelial antigen was prepared from normal
guinea pig kidneys by the method of Edgington, Glassock, and
Dixon [16], with or without our modification [17]. After passage
through a 200 stainless steel sieve, the renal tubular epithelial
cells were collected under the mesh. The tubular cells were
suspended in 0.25 M sucrose by homogenizing in a Potter-
Elvejhem homogenizer. The homogenate was centrifuged at
700g for 10 mm, and the sediment was suspended in 2.2 M
sucrose. The suspension was centrifuged at 50,000g for 30 mm,
and the upper nonsedimented portion containing most of the
tubular epithelial cell wall was obtained. This was solubilized
by trypsin in the same way as in the preparation of TBM
antigen, and then eluted by a Sephadex G-200 column in
borate-buffered saline, pH 8.0. The first peak eluted from the
column was used as the renal tubular epithelial antigen.
Preparation of antisera
Antisera against TBM and RTE antigens were prepared in
rabbits by injecting these antigens with Freund's adjuvant
(Difco Lab., Detroit, Michigan, USA) 3 times at 2-week inter-
vals. The antiserum against highly purified TBM antigen ob-
tained was so specific as to require no further absorption. The
antiserum against RTE antigen was absorbed with normal
guinea pig serum and other renal antigens. The specificity of
these antisera was confirmed by immunofluorescence against
frozen sections of normal guinea pig kidney. Antiserum against
guinea pig IgG was also prepared in rabbits by the above
immunization course and subsequently conjugated with fluores-
cein isothiocyanate (FITC) using the Rigg's method [181.
Quantitation of TBM and RTE antigen in urine
The amounts of TBM and RTE antigens in concentrated urine
samples were quantitated with the single radial immunodiffu-
sion method as described by Mancini, Carbonara, and
Heremans [19] using the specific antisera to TBM and RTE
antigens. The standard antigen of a known protein content
determined by the Folin-Lowry method and concentrated urine
samples were placed in wells in a 1% gel plate containing
appropriately diluted antiserum against guinea pig TBM or RTE
antigens. The reaction was carried out in a moist box for 24 hr
Fig. 1. Photograph of the single radial immunodiffusion plate used to
quantitate tubular basement membrane (TBM) antigen concentration.
1% agar gel contained 1:100 diluted anti-TBM antiserum. Wells were
filled with standard TBM antigen.
at room temperature. The plates were washed in a phosphate-
buffered saline several times for 3 days. Then, goat anti-rabbit
IgG was placed in the wells and the second reaction was carried
out. The diameters of precipitin rings were measured and
concentrations of antigens were calculated by plotting squares
of the diameters on the standard curve (Fig. 1).
Detection and quantita (ion of antibodies in sera
Indirect immunofluorescent study was carried out to detect
circulating anti-TBM and RTE antibodies and to measure the
titers against animal sera that had been serially (twofold) diluted
with PBS, using frozen normal guinea pig kidney sections and
fluoresceinated rabbit anti-guinea pig IgG.
Histological examination
Animals from each group were sacrificed at 20 weeks after
the first administration of gold salt, and renal tissues were
obtalned. Appropriate size blocks of tissue were fixed in 10%
buffered formalin for routine histological examinations. The
histology was examined by light microscopy, and the severity
of tubulointerstitial changes was graded according to the extent
of mononuclear cell infiltration per cross section of the cortex
as follows: 0, no or rare small foci of interstitial cell accumula-
tion; 1+, distinct small areas of infiltration and tubular damage
involving 5 to 10% of the cortex; 2+, focal areas of involvement
up to approximately 25% of the cortical area; 3+, focal areas of
involvement up to 50% of the cortical area and also other
changes seen in a typical interstitial nephritis.
Direct immunofluorescence of diseased kidney
Small blocks of kidney obtained at autopsy were quickly
frozen in acetone dry ice and cut into 4 js sections. The cryostat
sections were stained with a fluoresceinated rabbit anti-guinea
pig IgG.
Electron microscopic examination
The tissues were cut into small fragments, immersed in 3%
glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for 2 hr, and
were postfixed in 1% osmium tetroxide in the same buffer for 2
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Table 1. Frequencies of proteinuriaa
Fourth week Eighth week Twentieth week
Urine protei&'
Pattern of
SDS-PAGE° Urine protein
Pattern of
SDS-PAGE Urine protein
Pattern of
SDS-PAGE
Group (Dose of
gold)
mg/day
20 to 40 >40 T G G & T mg/day20 to 40 >40 T G G & T mg/day20 to 40 >40 T G G & T
Group I
2 mg x 10
N=12
Group 2
0.5 mg x 10N=l0
Group 3
0.05 mg x 14
N=15
Group 4
Controls
N=15
5 1
4 0
3 0
0 0
11
6
6
0
0 0
0 0
0 0
0 0
8 2
5 1
5 0
0 0
12
9
13
0
0 0
0 0
0 0
0 0
4 5
3 0
4 0
0 0
5
4
5
0
2 3
0 0
0 0
0 0
Abbreviations are: SDS-PAGE, sodium dodecyl sulphate polyacrylamide gel electrophoresis; T, tubular pattern; G, glomerular pattern; G & T,
glomerular and tubular pattern.
a Values are numbers of positive animals.
b Urine protein was measured by the method of Folin-Lowry.
'The urinary proteins were analyzed by SDS-PAGE.
hr. After dehydration with graded ethanol, the tissue specimens
were embedded in Epon 812. Ultrathin sections were doubly
stained with uranyl acetate and lead citrate, and examined with
a Hitachi HS-12 electron microscope.
Elution study
Acid elution of diseased kidneys was also performed by the
method of Feltkamp and Boode [20]. A fresh kidney obtained at
sacrifice was quickly frozen in acetone dry ice and cut into 4 t
sections. Six-hundred cryostat sections per each kidney were
adhered to slide glasses which were put into a glycine-HC1
buffer of pH 2.8 for 15 mm with agitation on a vibrator at 0 to
4°C. After glasses had been removed, the buffer solution was
passed through a filter paper and adjusted to pH 7.0 with 0.1 M
NaOH. The neutralized solution was concentrated and used in
the immunofluorescent study.
Detection of renal tubular antigen in glomerular deposits
The cryostat sections of kidney with glomerular changes
were stained indirectly by rabbit anti-guinea pig RTE antiserum
and rabbit anti-guinea pig TBM antiserum using FITC conju-
gated goat anti-rabbit IgG to detect renal tubular antigens in
glomerular deposits. The cryostat sections were also stained
directly and/or after treatment with a normal rabbit serum by
FITC conjugated goat anti-rabbit IgG.
Results
Urine protein
Proteinuria of more than 20 mg/day measured by the method
of Folin-Lowry technique, developed in six (50%) out of the 12
guinea pigs 4 weeks after the first administration of gold salt in
group 1. Proteinuria also developed in four (40%) of ten animals
in group 2, and three (20%) of 15 animals in group 3. When
studied by the SDS-PAGE, concentrated urine samples showed
the tubular patterns in 11 out of 12, more than 90%, in group 1.
In group 2, tubular proteinuria was noted in six (60%) of ten,
and in group 3, six (40%) of 15 animals. No glomerular pattern
was noted in any animals in these groups examined in this stage
(Table 1).
In the eighth week, frequency of proteinuria among the gold
injected animals increased over that in the fourth week. At this
time, ten (83.3%) in group 1, six (60%) in group 2, and five (33%)
in group 3 demonstrated proteinuria of more than 20 mg/day.
The frequency of tubular proteinuria studied by SDS-PAGE
electrophoresis also increased at this stage over that in the
fourth week, as shown in Table 1. No glomerular pattern of
proteinuria was seen in any animal at this time.
In the twentieth week, the number of proteinuria-positive
animals somewhat decreased below that in the eighth week, but
the amount of urine protein had increased in five animals in
group 1. In group 1, proteinuria was positive in nine animals
(67%), and five of these nine showed proteinuria of more than
40mg/day. Three (30%) out often in group 2 and four (33%) out
of 15 in group 3 also showed proteinuria, but none of them
showed proteinuria of more than 40 mg/day. The SDS-PAGE
electrophoretic patterns of urine protein at this stage showed
three patterns in group 1. Five animals with proteinuria of more
than 40 mg/day showed the glomerular or the glomerular and
tubular pattern, but proteinuria in other animals was of the
tubular pattern (Table 1, Fig. 2). No animal excreted more than
10 mg/day during the experimental period in group 4, the
control.
Quantitation of TBM antigen in urine
The mean value of TBM antigen was 3.10 pg/day in 90 urine
samples from 15 control guinea pigs (group 4) with a standard
deviation (SD) of 2.65, and, therefore, TBM antigen in urine
more than 11.1 j.tg/day (mean 3 SD) was taken as abnormal.
During the period when gold salt was injected, excretion of
TBM antigen in urine was significantly (P <0.005) increased in
groups 1, 2, and 3 compared with group 4. In the eighth week,
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total dose of gold salt given (Table 4). The titer of the antibody
in these animals ranged from 1:4 to 1:128, and it seemed to be
relatively well correlated with the occurrence of tubulointersti-
tial changes (Table 4).
2 Some of the sera also reacted specifically with the RTE of
normal guinea pig kidney studied by indirect immunofluores-
cence (Fig. 4). Circulating anti-RTE antibody was detected in
seven (58%) of 12 animals in group 1. In groups 3 and 4, no
antibody was demonstrated. There was a marked difference in
the frequency of detectable circulating anti-RTE antibody be-
tween groups 1 and 2 (x2 = 5.51, 0.01 <P < 0.025). The titer
ranged from 1:4 to 1:64; it seemed to be correlated to some
5 extent with glomerular abnormalities in gold-treated animals
(Table 4).
Light microscopic findings
6
7 Tubulointerstitial nephritis occurred in gold-treated guinea
pigs in all groups, and the severity varied from grade 1+ to
8 grade 3+ (Table 4). In grade 1+, the main histological change
was mononuclear cell infiltration into the interstitium. In grade
2+, there were tubular atrophy and degeneration, in addition to
the changes of grade 1+, and the size of area with these changes
was more than 10% per cross section of the cortex. In grade 3+,
there were focal interstitial fibrosis, periglomerular fibrosis, and
atrophy of the glomerular tufts, in addition to the changes of
grade 2+ (Fig. 5), and the extent was more than 25% of the
cortex. These nephritic changes were noted in five (42%) out of
12 animals in group 1, four (40%) of ten in group 2, and five
(33%) of 15 in group 3.
Glomerular changes also occurred during the experimental
period, with mild interstitial changes. They were characterized
by focal thickening of glomerular capillary walls and mild
proliferation of mesangial cells. These changes developed only
in five animals in group 1 which were given the highest dose of
gold, and they followed proteinuria of more than 40 mg/day and
appearance of circulating antibody to RTE (Table 4).
Direct immunofluorescent study
By direct immunofluorescence, positive staining for IgG was
seen in a linear pattern along the tubular and Bowman's
capsular basement membrane in the diseased kidney with
tubulointerstitial changes (Fig. 6). The frequency was almost
the same as that of the tubulointerstitial changes, except in one
animal in group 1 and in two in group 3 which did not show
histological changes and had circulating anti-TBM antibody at a
concentration of 1:8 or 1:4.
Another immunofluorescence abnormality was noted in five
animals in group 1. In these animals, positive staining for IgG
was seen in the mesangial area and along the capillary walls in
the glomeruli (Fig. 7).
Electron microscopic findings
Electron-dense deposits were seen in the glomeruli of all the
five animals with glomerular changes in group 1, although the
amount was variable among them. Most of the deposits were
exhibited in the mesangial area (Fig. 8). Occasionally, the
deposits were also observed in the subendothelial space, but no
subepithelial deposits were demonstrated.
SDS-PAGE
Fig. 2. Patterns of urine proteins developed by sodium dodecyl sulphate
polyacrylamide gel electrophoresis, Patterns 1, 2. Tubular pattern
(Group 2-animal No. 1 in the twentieth week, Group 3-animal No. 1 in
the twentieth week). 3. Glomerular and tubular pattern (Group 1-animal
No. 7 in the sixteenth week). 4. Glomerular pattern (Group 1-animal
No. 7 in the twentieth week). 5, Normal guinea pig serum. 6. Normal
guinea pig urine. 7. Bovine serum albumin. MW = 67000. 8.
Chymotrypsinogen. MW = 25000.
the amounts of excreted TBM antigen in group 1 were signifi-
cantly greater than those in group 3 (0.005 <P < 0.01), but no
positive correlation was observed between the amount of TBM
antigen in urine and the total dose of gold in other weeks. The
mean value of excreted TBM antigen became maximum in the
eighth week in groups 1 and 2, and in the twelfth week in group
3. After discontinuance of gold injection, the mean values of
excreted TBM antigen declined in all gold-injected groups
(Table 2).
Quantitation of RTE antigen in urine
The mean value of RTE antigen was 10.6 p,g/day in 90 urine
samples from 15 normal guinea pigs in group 4, with a SD of
7.12. Thus, urinary excretion of RTE antigen more than 32.0
jg/day (mean 3 SD) was considered to be abnormal. During
the period when gold was injected, the mean values of RTE
antigen were high, especially in group 1, The amounts of
excreted RTE antigen in group 1 were significantly greater than
those in group 2 (P < 0.025) and group 3 (P < 0.01) in the eighth
week. After discontinuation of injection, the excretion of this
antigen decreased in all gold-injected groups (Table 3).
Detection of circulating antibodies
Some of the sera from these gold-treated animals reacted in a
linear fashion with TBM of normal guinea pig kidney studied by
the indirect immunofluorescence (Fig. 3). The antibody was
detected in five (42%) out of 12 animals 20 weeks alter the first
administration of gold salt in group 1. This antibody was also
detected in five (50%) animals in group 2 and eight (53%) in
group 3, but not in group 4. No positive correlation was
observed between the frequency of anti-TBM antibody and the
S S isso e•
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Table 2. Tubular basement membrane (TBM) antigen excretion in urinea
Fourth Eighth Twelfth
Before week week week
Sixteenth
week
Twentieth
weekb
Group (Dose of gold) N ig/day
Group 1(2mg x 10) 12 1.33 1.60 16.9 7.04c 24.3 766c,f 16.1 16.7' 11.8 10.5" 13.0 12.0"
Group 2 (0.5 mg x 10) 10 2.65 2.43 15.6 5,59c 22.7 17.5c 17.4 14.8c 15.5 9.90c 13.4 15.7e
Group 3 (0.05 mg x 14) 15 2.90 2.16 11.2 4.66 15.4 7.24c 22.7 14.3c 14,8 7.51c 18.3 17.0c
Group 4 (Controls) 2.60 2.36 3.07 2.26 3.53 2.90 3.00 2.31 3.13 2.55 3.40 2.85
a Values are mean sr; TBM antigen in urine was measured by single radial immunodiffusion.
b After the first administration of sodium aurothiomalate (gold).
Difference from control, significant at P < 0.005.
"Difference from control, significant at 0.005 <P < 0.01.
Difference from control, significant at 0.025 <P < 0.05.
Difference from group 3, significant at 0.005 <P < 0.01.
N = number of animals.
Table 3. Renal tubular epithelial (RTE) antigen excretion in urinea
Fourth Eighth Twelfth Sixteenth Twentieth
Before week week week week weekb
Group (Dose of gold) N pg/day
Group 1(2 mg x 10) 12 9,42 6.98 47.1 37.5 76.7 67.2c,g 43.7 40.8" 25.4 24.6e 19.7 20.9
Group 2 (0.5 mg x 10) 10 12.4 6.59 24.3 22.4e 24.2 21.2e 23.5 23.5 15.5 13.2 13.5 11.2
Group 3 (0.05 mg x 14) 15 10.3 7.47 18.7 12.4e 21.7 13.7" 26.1 18.3" 18.1 14.1 16.1 13.5
Group 4 (Controls) 15 10.3 7.89 9.53 7.68 10.3 6.92 11.2 7.48 10.4 7.67 11.3 7.72
a Values are mean si; RTE antigen in urine was measured by single radial immunodiffusion.b After the first administration of sodium aurothiomalate (gold).
Difference from control, significant at P < 0.005.
"Difference from control, significant at 0.005 <P < 0.01.
Difference from control, significant at 0.025 <P < 0.05.
Difference from group 3, significant at 0.01 <P < 0.025.
g Difference from group 2, (0.01 <P < 0.025) and from group 3, (0.005 <P < 0.01).
Elution study
The acid eluates from the kidney with glomerular changes
reacted specifically with the tubular cells of normal guinea pig
kidney sections by the indirect immunofluorescent technique in
three out of five animals (Fig. 9).
The eluates from the kidney with interstitial changes reacted
specifically with the tubular basement membrane of normal
guinea pig kidney sections by the indirect immunofluorescent
technique in nine out of 14 animals (Fig. 10).
Detection of renal tubular antigen in glomerular deposits
Fig. 3. Immunofluorescent staining of a frozen section of a normal
guinea pig kidney using gold-treated guinea pig serum from group
3-animal No. I and fluoresceinated rabbit anti-guinea pig IgG. Tubular
basement membrane is specifically stained in a linear fashion. Indirect
staining, x160
Focal segmental mesangial proliferation as well as mild
mesangial widening were observed. There was only focal loss of
foot processes of the visceral epithelial cells. Exudation of
inflammatory cells such as polymorphonuclear leukocytes and
macrophages was minimal.
Rabbit anti-guinea pig RTE antiserum reacted with the
glomerular deposits (Fig. 11) of all animals with glomerular
changes. However, rabbit anti-guinea pig TBM antiserum did
not react with glomerular deposits in any animal with glomer-
ular changes. The glomerular deposits in animals with glomer-
ular changes were not stained at all by FITC conjugated goat
anti-rabbit IgG before and after (Fig. 12) treatment with normal
rabbit serum. Moreover, rabbit anti-guinea pig RTE antiserum
did not react with any serum component of the normal guinea
pig, which was confirmed by the immunoelectrophoresis.
Discussion
Clinical manifestations of gold nephropathy have been thor-
oughly studied [3—6]. The described features were not different
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Table 4. Correlation of circulating anti-TBM and/or anti-RTE antibodies with the histological changes of the kidney
Circulating antibodiesa Histological changes IgG depositionb
on TBM on RTEA-TBM Ab A-RTE Ab Interstitial" changes Glomerular changes
Group 1: (2mg x 10) 1.
2.
3.
4.
5.
6.
7.
S.
9.
10.
11.
12.
64
64
32
32
8
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
4
32
64
64
32
16
4
(—)
(—)
3+
2+
2+
3+
1+
0
0
0
0
0
0
0
(—)
(—)
(—)
(—)(+)
(+)
(+)
(+)
(+)
(—)
(—)
(—)
(+)
(+)(+)(+)(+)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)(+)
(—)
(—)
(—)
(—)
(—)
Group 2: (0.5 mg x 10) 1.
2.
3.
4.
5.
6.
through
10.
64
32
32
8
8
(—)
(—)
8
(—)
(—)
(—)
(—)
3+
3+
2+
1+
0
0
(—)
(—)
(—)
(—)
(—)
(—)
(+)
(+)
(+)
(+)
(+)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
Group 3: (0.05 mg x 14) 1.
2.
3.
4.
5.
6.
7.
8.
9.
through
15.
128
64
32
32
16
8
4
4
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
3+
3+
2+
1+
1+
0
0
0
0
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(—)
(+)(+)(+)(+)
(+)(+)(+)
(—)
(—)
(—)
(—)
e—)
(—)
(—)
(—)
(—)
(—)
(—)
Group 4: 1.
through
15,
(—) (—) 0 (—) (—) (—)
and im-a Titration of circulating antibodies was carried out by indirect immunofluorescence using normal guinea pig kidney sections
munofluorescinated anti-guinea pig IgG rabbit IgG.
b Results of direct immunofluorescence of kidneys from experimental animals.
Severity of tubulointerstitial changes was graded according to the degree of mononuclear cell infiltration per cross section of the cortex: 0, less
than 5%; 1+, 5 to 10%; 2+, 10 to 25%; 3+, 25 to 50%.
Abbreviations are: A-TBM Ab, Anti-tubular basement membrane antibody; A-RTE Ab, Anti-renal tubular epithelium antibody.
Fig, 4. Immunofluorescent staining of a frozen section of normal guinea
pig kidney using the serum from group i-animal No. 6 and fluorescein-
ated goat anti-guinea pig IgG. Renal epithelial cell is specifically
stained. Indirect staining, x290
from those of nephrotic syndrome, demonstrating glomerular
subepithelial deposits. Other investigators [8, 9] mentioned
interstitial changes in biopsy specimens from the patients who
had received gold. Watanabe, Whittier, and Moore [10] dem-
onstrated two entirely different types of gold nephropathy. One
was a membranous nephropathy with confluent granular im-
mune deposits, suggesting an immunologic injury, and the
other, substantial tubular degeneration with minimal glomerular
changes with no evidence of immunologic etiology, probably
induced by a direct toxic action of gold. Ganote, Beaver, and
Moses [11] demonstrated by electron microscopy accumulation
of gold in the glomeruli in the first 8 hr after injection, and
subsequent gradual appearance of gold inclusions in renal
tubular cell cytosomes.
To clarify the mechanisms whereby gold-induced nephrop-
athy develops, Nagi, Alexander, and Barabas [21] investigated
gold nephropathy induced in rats, and suggested that it was due
to a direct toxic action of gold on the proximal convoluted
tubules after injection of a large dose (1 mg/week), and that with
a small dose (0.025 mg/week) it would stimulate an immune
mechanism responsible for the glomerular changes. They also
discussed possible release of renal tubular antigens from the
•;a- 7 •t-j - - - - Vta
Fig. 6. hnmunofluorescent staining of the kidney from group 3-animal
No. i using fluoresceinated rabbit anti-guinea pig IgG. Positive stain-
ing is apparent along the tubular and Bowman's capsular basement
membrane in a linear fashion. Direct staining, x160
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Fig. 5. Photomicrograph of the kidney from group 1-animal No. 1,
demonstrating mononuclear cell infiltration into the interstitium, tuba-
lar cell atrophy and degeneration, interstitial fibrosis, and periglomer-
ular fibrosis. H & E, x150
damaged cells. Palosuo, Provost, and Milgrom [221 demon-
strated a circulating antigen in a patient with gold-induced
nephropathy, which shared immunological determinants with
tissue antigens extracted with deoxycholate (DOC) from
microsomal fractions of various organs including human liver,
human kidney, and rat liver. A considerable portion of the
antibody activity was directed against an alpha-globulin-like
component of the tissue extract, but not against the ubiquitous
antigen in DOC extract which had a gammaglobulin mobility.
The antibody did not react with a kidney-specific antigen.
Urine protein in most of our animals (91.9%) showed the
tubular pattern at 8 weeks from the first injection, and, further-
more, kidney antigens were excreted into urine with a high
incidence among gold-treated guinea pigs. The amounts of TBM
antigen excreted in urine by gold-treated guinea pigs were
significantly higher than those in the control not receiving gold;
the amounts were significantly greater in the group given a large
dose of gold compared with the low-dose group. The same
Fig. 7. Immunofluorescent staining of the kidney from group 1-animal
No, 6 using fluoresceinated rabbit anti-guinea pig IgG. Granular
staining is seen in the mesangial area and along the capillary walls in the
glomerulus. Direct staining, x320
Fig. 8. An electron micrograph of the kidney from group 1-animal No.
8. Electron-dense deposits are observed in the mesangial area. x7800
phenomenon was observed in the pattern of RTE antigen
excretion. Urinary excretion of these antigens gradually de-
creased after cessation of gold injection. These results, there-
fore, may suggest tubular disturbances induced by a direct
toxicity of gold. Of these animals, some continued to excrete
large amounts of the antigens into urine during the experimental
period. Twenty weeks after the first injection, some of the
animals in each group continued to excrete large amounts of the
kidney antigens. Furthermore, in these animals, pathological
tubular changes occurred at the same stage of the experimental
course. These changes were characterized by mononuclear cell
infiltration, tubular atrophy, interstitial fibrosis, and also by
periglomerular fibrosis, described as autoimmune tubulointer-
stitial nephritis by Steblay and Rudofsky [23]. Autoantibody
against tubular basement membrane (TBM) developed in all
F
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Fig. 9. Immunofluorescent staining ofa frozen section of normal guinea
pig kidney using the eluate from the kidney of group i-animal No. 6 and
fluoresceinated rabbit anti-guinea pig IgG. The brush border of the
epithelial cell of proximal convoluted tubules is specifically stained.
Indirect staining, x 320
Fig. 10. immunofluorescent staining of a frozen section of normal
guinea pig kidney using the eluate from the kidney of group 3-animal
No. 1 and fluoresceinated rabbit anti-guinea pig IgG. Tubular base-
ment membrane is specifically stained in a linear pattern. Indirect
staining, x320
animals that showed tubular changes. Specific staining was also
observed along the TBM of the diseased kidneys in a linear
fashion. The tubular lesions seemed to be related to a direct
toxic action in the early stage as suggested by Nagi and Khan
[24], but, in a later stage, tubulointerstitial nephritis accompa-
nied with autoantibody against the animal's own TBM oc-
cuffed, and the incidence was not related to the amount of gold
given. Therefore, the tubular lesions could have been induced
by an autoimmune mechanism. In fact, it has been suggested
that the occurrence of tubular injury is related to gene-con-
trolled immune systems in guinea pig interstitial nephritis [25].
Furthermore, our data suggest that the TBM antigen released
by renal tubular damage as a result of direct toxic effects of gold
salt stimulates the immune system and leads to antibody
formation against this antigen andlor occurrence of nephritis
despite the small dose of gold injected; this concept is in
agreement with the report of Nagi, Alexander, and Barabas
[21].
Fig 11. Immunofluorescent staining of a frozen section of the kidney
from group i-animal No. 6 using rabbit anti-guinea pig RTE antiserum
and fluoresceinated goat anti-rabbit JgG. Positive staining is seen not
only on the brush border of the tubular epithelial cells but also in the
glomerular deposits. Indirect staining, x230
Fig. 12. Immunofluorescent staining of the same kidney as used in Fig.
Ii using normal rabbit serum and fluoresceinated goat anti-rabbit IgG.
No positive staining is seen in the glomerular deposits. Indirect stain-
ing, x160
Another finding of note in group 1 animals given large
amounts of gold was the glomerular proteinuria with signifi-
cantly large amounts of RTE antigen excreted into urine during
the entire experimental period. Glomerular changes also devel-
oped in their kidneys, which consisted of focal thickening of
glomerular capillary walls and proliferation of mesangial cells.
These histological findings, especially the mesangial cellularity,
closely resembled that in a patient treated with gold as de-
scribed by Sharpe and Ugar [26]. Our electron microscopic
study of these kidneys demonstrated electron-dense deposits
chiefly in the mesangial area, and immune deposits were seen in
the mesangial area by immunofluorescence. The eluate reacted
specifically with proximal convoluted tubules of normal guinea
pig kidney. Furthermore, the presence of RTE antigen in the
glomerular mesangial deposits was proved by indirect im-
munofluorescence using rabbit anti-guinea pig RTE antiserum.
From these results, it was suggested that immune complexes
that participate in glomerular injury were composed of host
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RTE antigen and autoantibody against it. Heymann et a! [27]
reported production of the nephrotic syndrome in rats by
Freund's adjuvants and rat kidney suspension, where RTE
antigen and anti-RTE antibody participate in the induction of
glomerular changes. In Heymann nephritis, glomerular injury is
confined to the peripheral part of the capillary wall. Van Damm
et a! [28] suggested that in situ formation of complex due to
interaction of autoantibodies against Fx1A with podocyte sur-
face antigens was responsible for Heymann nephritis. As a
control experiment, they described another study in which
perfusion of kidneys with immune complexes prepared in vitro
resulted in mesangial depositions. Their control resembles our
gold-induced glomerular lesions in the localization of immune
complexes.
Heavy-metal-induced nephropathies have been studied re-
cently [29—31]. Druet et a! reported two types of HgCl2-induced
glomerulonephritis (GN) in rats, one being anti-GBM antibody
mediated GN and the other, immune-complex-type GN. They
reported that the development of GN was genetically con-
trolled, and suggested that anti-GBM antibodies and GBM
antigens were responsible for immune-complex-type GN [29,
301. They also proposed two hypotheses for the mechanism of
these immunologically mediated GN; either heavy metals mod-
ify a self component or these agents interact in some way with
the immune systems [31].
Gold compounds have anti-inflammatory effects [32—34] and
inhibit both humoral and cellular immune mechanisms [35].
However, Measel [36] reported that gold not only had an
immunosuppressive effect but also an immunoenhancing effect,
depending on dosage. It is not clearly understood why different
types of renal injury developed in guinea pigs following gold
administration, nor is the process clear by which gold com-
pounds participate in the network of immune systems. Never-
theless, there are possibilities that two types of nephropathy
induced by gold are genetically controlled, respectively, like
HgC12-induced GN, and that gold compounds interact directly
with the immune system. In our experimental animals, forma-
tion of antibody to host constituents did indeed occur after gold
treatment.
Reprint requests to Dr. S. Ueda, The First Department of Medicine,
Chiba University School of Medicine, Chiba 280 Japan
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